A 5-month-old minature Poodle dog had widespread cytoplasmic vacuolation of neurons in the central nervous system and foamy macrophages in the lung, spleen, renal lymph node, liver, adrenal gland and intestine. Concentric membranous cytoplasmic inclusions were seen in the neurons of the central nervous system by electron microscopy. There was no sphingomyelinase in the brain tissue. Sphingomyelin and cholesterol were increased in brain, kidney and liver. A diagnosis of Niemann-Pick Disease was based on absence of sphingomyelinase activity, as well as on histologic, histochemical and chemical findings.
Niemann-Pick Disease is the result of an autosomal recessive genetic mutation [3, 4, 221 and consequent absence of sphingomyelinase [4, 131 , which leads to accumulation of sphingomyelin and cholesterol in the central nervous and reticuloendothelial systems.
Reports of lipid storage disease in companion animals include glucocerebrosidosis [ 1 I], phosphatidosis [lo] , gangliosidosis [ 14, 15, 241 and ceroidlipofuscinosis [ 171 in the dog; spingomyelinosis [6, 221 and ceroidlipofuscinosis [9] and gangliosidosis [7] in the cat; and cholesterosis in parakeets [ 191. Several inherited metabolic disorders have been described: mannosidosis in cattle [ 121, gangliosidosis in swine [25] , glucocerebrosidosis in sheep [ 181, and phospholipidosis and sphingomyelinosis in mice [l] . Metabolic defects in animal analogs of human lysosomal storage diseases have been characterized thoroughly only for the gangliosidoses, canine globoid cell leukodystrophy, bovine mannosidosis and feline mucopolysaccharidosis [2] . Comprehensive reviews of inherited lysosomal storage disease in companion and domestic animals have been published [2, 131 . As far as we could determine, this is the first report of Niemann-Pick Disease in a domestic animal in which the diagnosis was substantiated by chemical analysis.
Case History
A 5-month-old female miniature Poodle dog, the offspring of a mother-son mating, had clinical signs of ataxia, hypermetria, continuous head shaking and loss of equilibrium. The appetite, vision, temperature and the head (radiographically) were normal. The dog had been vaccinated against distemper. Treatment with chloramphenicol and prednisolone for 1 week was unsuccessful. A cerebellar tumor was suspected. The dog was killed with barbiturate and necropsied.
Two litter mates and both parents are alive and clinically normal.
Materials and Methods
Samples of brain, cervical spinal cord, lung, liver, heart, spleen, renal lymph node, kidney, adrenal gland, pancreas, ovaries, uterus, stomach, intestine and urinary bladder were fixed in 10% neutral buffered formalin. Unfixed samples of brain, liver, kidney, serum and cerebrospinal fluid were frozen at -70" C.
Formalin-fixed tissues were processed routinely, embedded in paraffin, sectioned at 5 micrometers, and stained with hematoxylin and eosin (HE). Selected paraffin-embedded and formalin-fixed frozen tissues of brain, lung, intestine and spleen were stained with periodic acid-Schiff (PAS), luxol fast blue, oil red 0, and Sudan black B. Frozen tissue of brain was sectioned on a cryostat at 6 micrometers, stained by the Schultz method and with the above special stains.
For electron microscopy, small pieces of formalin-fixed cerebellum and thalamus were immersed for 45 minutes in 2.5% glutaraldehyde and then for 30 minutes in 1% osmium tetroxide in Millonig's phosphate buffer, pH 7.3. They were embedded in epon, sectioned at 800x lop7 mm and stained with uranyl acetate and lead citrate.
Biochemical analysis
Parts of frozen unfured brain from the affected dog and a normal control of the same age were homogenized (15 w/v) in 0.1 mol/l acetate buffer, pH 5.0, and centrifuged at 20,000 G for 20 minutes. The supernatant fluids were assayed for sphingomyelinase activity with ,"Hsphingomyelin labelled in the sphingosine portion [27] and for hexosaminidase activity [20] .
Samples of liver and kidney and of gray and white matter of brain were extracted with ch1oroform:methanol (2: 1 v/v) and partitioned [8] . The lower phase lipids were chromatographed on a small silicic acid column [28] . The chloroform eluate was assayed for cholesterol [26] and the methanol eluate for sphingosine as a measure of sphingomyelin content [16] . Aliquots of the lower phase lipids also were chromatographed on thin layers of silica gel. The plates were developed with ch1oroform:methanol:water (14: 16: 1 v/v) and the spots located by spraying the plates with 50% sulfuric acid and then heating at 100" C for 10 minutes.
Results
At necropsy the dog was in good condition. The lungs were collapsed, firm and light grey, with disseminated white nodules, 1 to 2 millimeters in diameter, on the pleura and cut surfaces of all lobes ( fig. 1 ). The spleen and liver were enlarged; the liver was yellow. No other gross lesions were found.
The cerebrospinal fluid collected before the dog was killed and at necropsy was clear and colorless. Specific gravity was 1.015. The Pandy test was negative and total cell count was 187/cm3. In a Leishman-stained smear of cerebrospinal fluid there were a few well preserved foamy macrophages of various sizes and shapes containing various amounts of intracytoplasmic light grey or colorless material and one or occasionally two peripheral pyknotic nuclei ( fig. 2, insel) . There were also unidentifiable cells with greatly distended foamy cytoplasm containing black globules of various sizes. 
Light and electron microscopy
There was pronounced cytoplasmic vacuolation of almost all neurons in the cerebrum, cerebellum, brain stem, medulla oblongata and cervical spinal cord. The most severely affected neurons were in the medulla oblongata, brain stem and Purkinje cells of the cerebellum ( fig. 2 ). These were enlarged and usually had eccentrically placed nuclei and large numbers of intracytoplasmic 1 -to 2-micrometer light grey granular bodies. Dendrites of some Purkinje cells were swollen and contained granular storage material ( fig. 2, arrows) . There also was occasional loss and necrosis of Purkinje cells. Foamy macrophages with intracytoplasmic storage material and peripheral nuclei also were scattered in some areas of the cerebellar cortex. The ependymal cells of the choroid plexus were similarly affected.
The lung contained many scattered aggregations of foamy macrophages ( fig. 3 ), mainly in the alveoli, alveolar septa and peribronchial tissues. The normal architecture was almost lost. The lamina propria of intestinal villi was packed with cells containing granular material. Similar cells were adjacent to the muscularis mucosa. Large groups of foamy macrophages were in the medullary cords of a renal lymph node ( fig. 4) . Small groups and single foamy macrophages were in the white and red pulp of the spleen. The liver and adrenal cortex were affected similarly but to a lesser degree. The intracytoplasmic storage material in HE-stained and unstained sections was autofluorescent in ultraviolet light.
The intracytoplasmic storage material in the formalin-fixed frozen sections of selected visceral organs and cerebellum was PAS-positive. The PAS reaction was less pronounced in the paraffin-processed tissue. Luxol fast blue and Sudan black B staining was faintly positive to a variable degree. With oil red 0, several macrophages in the lung contained red globules, but few hepatocytes or macrophages in the liver contained similarly stained material. Sections of unfixed frozen brain and cerebellum were weakly positive to the Schultz method. Sections of pancreas, kidney, heart, ovaries, uterine horns, stomach and urinary bladder had no remarkable findings. Ultrastructurally many neurons in the cerebellum and thalamus contained intracytoplasmic membranous bodies and dense bodies in the cell body and proximal dendrites. The membranous bodies were circular or oval with concentric or parallel arrangements of trilaminar membrane and frequently had dense centers ( fig. 5) . Some of these bodies were in vacuoles with distinct limiting membranes. Dense bodies were scattered randomly among lamellated bodies.
Biochemical analysis
Thin layer chromatograms of the lower phase lipids showed an increase in sphingomyelin bands in liver and kidney ( fig. 6 ) but only a slight increase in the more polar of the two bands in brain extracts. By quantitative analysis cholesterol was increased in liver and white matter of brain (table I). The sphingomyelin content of brain was three to five times normal. There was a somewhat greater increase in ' Calculated as rnicrornoles lipid/gm fresh weight of tissue. kidney but the liver contained 100 times more sphingomyelin than normal. Sphingomyelinase activity (pH 5.0 enzyme) was absent from the brain of the affected dog (table 11) . More complete details of these analyses and a comparison with data from various human forms of Niemann-Pick Disease will be published later.
Discussion
In man there are three clearly defined types of Niemann-Pick Disease [3] . In type A, affected children at 5 to 7 months old have hepatosplenomegaly and progressive psychomotor degeneration. They die at 2 to 4 years. Sphingomyelinase activity is absent from all tissues and sphingomyelin storage is massive in all reticuloendothelial cells and in brain. Type B disease presents with pulmonary infiltration, hepatosplenomegaly and short stature in young children who survive into adult life with normal intellect and motor function. Sphingomyelinase activity is absent from leucocytes, spleen and fibroblasts. Activity in brain is unknown. Children with type C disease present somewhat later than children with type A and live 5 or 6 years. They store sphingomyelin in their viscera but not in the central nervous system. Nevertheless, they develop progressive psychomotor retardation that usually becomes debilitating by 4 years. Sphingomyelin activity in these patients is normal although they may have a defect in some isoenzymes [5] . There are other forms (types D and E) of this disorder but they do not have either significant sphingomyelin storage or a defect in sphingomyelinase. All forms of human Niemann-Pick Disease are transmitted by autosomal recessive inheritance.
The histologic findings and ultrastructural and biochemical changes in our dog are similar to those of the type A disease but clinically the canine disorder is somewhat different. Our dog, however, had cerebellar signs, as did an affected cat [22] . Dementia is perhaps somewhat difficult to detect in the 5-month-old puppy.
Although sphingomyelin storage disease has been described in cats, sphingomyelinase activity was not determined [6, 221 . In a domestic cat the lesions occurred in brain, lung, liver, spleen, lymph nodes and bone marrow [22] . A Siamese cat with sphingomyelin storage disease [6] had lesions in the small intestine and the same organs as a domestic cat [22] . In general the lesions and clinical signs were similar to those in our dog. A disorder like Niemann-Pick Disease also has been described in a strain of laboratory mice [I] . The diagnosis was based on microscopy, histochemistry, chemistry and ultrastructure. Sphingomyelinase activity, however, was normal and the authors concluded on histological features that the disease was consistent with type B human Niemann-Pick Disease, but biochemically, suggested a disorder similar to type C [23] . The neurons of central nervous system in mouse NiemannPick Disease type C were normal microscopically and histochemically, but ultrastructurally occasional electron-lucent bodies were found in the Purkinje cells of the cerebellum [ 11. Central nervous system changes alone are not diagnostic. An inherited lipid storage disease has occurred in CBA mice with a slightly increased sphingomyelin content in the thymus and a moderately increased cholesterol and phospholipid [21] . It was concluded that the condition resembled Niemann-Pick Disease in man. Lysosomal storage diseases may become economically important in domestic animals because of inbreeding, and may be found more frequently than in man [6] . At present their major importance is as a model for the human disorders. Efforts are now being made to treat inborn enzyme defects by replacement techniques. These are not without immunological dangers and an animal model has many advantages over human experimentation. Sphingolipidoses are transmitted in man and animals either by an autosomal recessive or an X-linked recessive mode [3, 7, 13, 221 . It is possible in man to detect carriers of many of these diseases and to diagnose the diseases before birth. The same could be done in animals. Potential matings could be monitored in stock known to have bred affected animals. The heterozygote state rarely produces any phenotypic changes of these diseases. Thus, detection of carriers before breeding could prevent the losses associated with the birth of affected offspring.
